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MINERAL REQUIREMENTS OF SHEEP 
The ash constituents of feeds are important to animal nutrition, in 
that they supply substances needed for the building or upkeep of the 
animal hocly. I n  connection with digestion experiments partly pub- 
lished, certain ash constituents in  feed, residues, and excrements were 
estimated. I n  connection with other digestion experiments, estimates 
were made of certain ash constituents in feeds, excrements and urine. 
The results of this work throw light upon the mineral requirements of 
sheep, and will be discussed in  the following pages. 
ABSORPTION OF ASH CONSTITUENTS FROM FEEDS 
According to Armsby (Nutrition of Farm Animals, p. 142) the in- 
testines are the usual path for the excretion of calcium, and to some 
extent magnesium. Phosphoric acid under ordinary conditions is 
excreted in  the faeces of herbivora. The difference between the ash 
ingredients in the feed and in  the solid excrement does not, therefore, 
represent the amount taken from the food, but is less than the quantity 
taken. A portion of the lime, magnesia and phosphoric acid has prob- 
ably been absorbed in  the upper portion of the digestive organs, while 
other quantities hsue been excreted into the lower portions of the diges- 
tive organs. 
It is not, therefore, correct to speak of the digestibility of the ash 
ingredients of feed. The term is a convenient one, however, though 
in this particular .case it means the ash ingredients retained from the 
food, either more permanently or subsequently eliminated in the urinn 
USES OF ASH INGREDIENTS OF FEEDS 
It is a well established fact that an animal will die more quick;, 
if fed upon food free from ash than if fed no food a t  all. The ash 
ingredients are, therefore, important to the animal. Some of the func- 
tions of the ash in the animal body are as follows: 
(1) They build up the body skeleton. The bones are composed 
chiefly of phosphate of lime, but they contain magnesium, fluorine and 
other elements. 
(2) They are constituents of soft parts of the body, where they 
perform important functions. 
(3)  Phosphorus and sulphur are essential constituents of certain 
proteids. 
(4) They are necessary constituents of the blood and assist in main- 
taining a proper concentration and a proper neutrality, and in elimi- 
nating an excess of acid. 
It is believed that the ash constituents of a feed should not be con- 
sidered singly, but as a whole. An excess of one ash constituent may 
affect other constituents. (See Armsby's Nutrition of Farm Animals, 
p. 399.) 
Thus an excess of potash in certain feeds has been thought to cause 
harmful results, for the reason that in eliminating the potash, the 
animal also eliminates soda. This deficiency could be counteracted by 
feeding ordinary salt. Excessive acidity of the ration may cause a loss 
of lime and other bases, and, incidentally, a loss of phosphoric acid. 
A deficiency of bases in the feed could be obviated not by using cal- 
cium phosphate, which is not basic, but calcium carbonate. 
This matter is discussed here on account. of its bearing upon the 
experinlental results presented. 
DETAILS OF THE EXPERIMENTS 
Details of digestion experiments 1 to 18 are given in Texas Bulletin 
147; 19 to 37 in Bulletin 166; 76 to 82 in Bulletin 203. The remainder 
will be published in bulletins. to follow. 
COMPOSITION O F  THE FEEDS 
The composition of the feeds is given in table 1. The ash ingre- 
dients are important also to show the draft of the plant on the soil, 
the possible needs of the plant, and the possible fertilizer value of 
the fced. 

























. . . . .  Arcuff sorgo forage-Exp. 81. 
Alfalfa hag-Exp. 3 . .  . . . . . . . . . . . .  
. . . . . . . .  Alfalfa hay-Exp 241-29.. 
Alfalla hay-Exp. 37-31. . . . . . . . . .  
Alfalfa hay-Exp. 88-92. . . . . . . . . .  
Bermuda hay-Exp. 12. . . . . . . . . . .  
13crmuda hay-Exp. 20. . . . . . . . . . .  
H I I ~  clover-Exp. 6 .  . . . . . . . . . . . . . .  
Buffalo grass-Exp. 9 . .  . . . . . . . . . . .  
Corn bran-Exp. 28. . . . . . . . . . . . . . .  
Corn S ~ I U C ~ S - E X ~ .  17. . . . . . . . . . . .  
Cold prrasrd cotton seed heated- 
Exp. 89. . . . . . . . . . . . . . . . . . . . .  
Cold prc.sscd cotton seed-Exp. 25 
Cold presscd cotton seed-Exp. 34 
Cottonseed hulls-Exp. 3.5. . . . . . . . .  
Cot tonsecd mral-Exp. 36.. ....... 
Cowpea hay-Exp. 1 . . . . . . . . . . . . .  
Jl)hnson grass hay-Exp. 4 .  . . . . . .  
J ~ h ~ s o n  g r a s ~  hay-Rxp. 10. . . . . . .  
IZafir foddcr-Exp. 15. . . . . . . . . . . .  
IGfir forage-Exp. 79. . . . . . . . . . . .  
























































































































The term digestibility is hcre used to denote the difference between the 
gredients in  the feed consumed and those excreted in  the solid excre- 
' 
-3,. As already pointed out, and as will appear later on, some of 
ash may have been excreted with the solid excrement. It is believed, 
rever, that it is worth while to calculate the factors in the usual 
r and this has been done i n  table 2. The feeds are arranged in 
hetical order. 
Table 2.-Coefficients of digestibility. 
1 















































. .  Aeruff sorgo forageExp.  81.. 
. . . . . . . . .  Alfalfa hay-Exp. 3 . .  
. . . . .  Alfalfa hay-Exp. 24a-29.. 
. . . . . .  Alfalfa hay-Exp. 37-31.. 
. . . . . .  Alfalfa hay-Exp. 88-92.. 
Rermuda hay-Exp. 12. . . . . . . .  
. . . . . .  Bermuda hay-Exp. 20. .  
. . . . . . . . . .  Bur clover-Exp. 6 . .  
. . . . . . . .  Ruffalo grass-Exp. 9. .  
. . . . . . . . .  Corn bran-Exp. 28. .  
. . . . . . . .  Corn shucks-Exp. 17. 
Cold pressed cotton seed heated 
. . . . . . . . . . . . . .  -Exp. 89. .  
Cold pressed cotton seed-Exp. 
...................... 25 
Cold pressed cotton seed--Exp. 
...................... 34 
. . . . .  Cottonseed hulls-Exp. 35 . .  
Cottonserd meal-Exp. 36.. . . . .  
. . . . . . . .  Cowpea hay-Exp. 1 . .  
. . . .  Johnson grass hay-Exp. 4 .  
. . .  Tohnson qrass hay-Exp. 10. 
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. . . . . . . . . . . .  
. . . . . . . . . . . .  
. . . . . . . .  
74.7 
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74.7 
57.0 
. . . . . . . . . . . .  
7.2 
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. . . . . . . . . . . .  
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Table 2.-Coefficients of digestibility-Continued. 
Potash.. Potash is highly digested. The average digestibility is 83.2. 

























Pho~phoric acid. The average digestibility of phosphoric acid is 22.5. 
In  some of the tests the digestibility is negative. The cause of this 
will be discussed later. 
Lime. The average digestibility of lime is 32.3 and, like phosphoric 
acid, in a number of tests the digestibility is negative. 
Kafir forage-Exp. 79. .  . . . . . . . .  
Kafir chops-Exp. 32. . . . . . . . . .  
Knfir h e ~ d  chf~ps-Exp. 33. . . . .  
Millet-Exp. 11 . .  . . . . . . . . . . . . .  
Oat hay-Exp. 5 . .  . . . . . . . . . . . .  
Peanut hay-Exp. 76. . . . . . . . . .  
Peanut hay-Exp 13 
Peanut hulls-EX;. 90: : : : : : : : 
Para grass hay-Exp. 14. . . . . . .  
Prairie hay-Exp. 22. . . . . . . . . .  
Prairie hay-Exp. 23. . . . . .  
~ h o d e k  gr'ass hay--~xp. 82: : : . : 
Rice bran-Exp. 26.. . . . . . . . . . .  
Rice hay-Exp. 78 . .  . . . . . . . . . .  
Rice hulls-Exp. 91. .  .......... 
Rice p~llsh-Exp. 27.. ......... 
. . . .  Rice straw, Japan-Exp. 7 .  
R ~ c e  straw, Honduras-Exp. 18 
Silags, Sorghum and Cowfer- 
Exp. 3 0 . .  . . . . . . . . . . . . . . . .  
.......... Sorghumhay-Exp.2 
5orghum hay-Exp. 21. .  . . . . . .  
T a b x a  grass hay-Exp. 19 . .  . . .  
Tabosa grass hay-Exp. 24. . . . .  
. . . . . . . . . . .  3649-50Vetchhjy--Exp.8 
Magnesia. Magnesia has a digestibility of 32.3, practically the same 
as lime, but bith no negative tests. In this respect, magnesia is more 
closely related to potash than to lime. 
~Yulphz~r  trioxide. The sulphur is probably for the most part in 
protein compounds. The digestibility of protein is placed in the table 
for comnparison. While there are individual variations, the average 
digestibility of the sulphur trioxids is nearly the same as for protein, 
being 47.9 for sulphur trioxide and 48.4 for protein. 
Silica. Silica is really the insoluble ash and the matter is com- 
~licated by the sand and dirt found on the feed. The average digesti- 
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. .  
56.8 
. . . . . . . . . . . .  
. . . . . . . . . . . .  
. . . . . . . . . . . .  
. . . . . . . . . . . .  
. . . . . . . .  
2 .1  
15.9 
92:5"43:0"3i:6'  
. . . . . . . . . . . .  
. . . . . . . . . . . .  
91:5"74:5"74:2 
. . . . . . . . . . . .  
. . . . . . . . . . . .  
. . . . . . . . . . . .  
30.3 
58.5 
s i : i . . is :s  
. . . . . . . . . . . .  
9 . 9  
. . . . . . . . . . . .  









Silica. Lime. Mag- p h o r ~ ~  
nesla. acid. 




Aceuff sorgo forage. D. E.  81 1 
-Eaten. .................... 
Digested .................. 
Accuff sorgo forage, D.  E -  81 . 
-Eaten. .................... 
Digested. . . . . . . . . . . . . . . . . .  
Alfalfa hay, Exp. 3-Eaten.. ...... 
. . . .  Digested. 
...... Alfalfa'hay, Exp. 3-Eaten.. 
Digested. . . . .  
Alfalfa hay, Exp. 3-Eaten.. . . . . . .  
Digested. , ... 
. . . .  Alfalfa hay, Exp. 24a-Eaten.. 
Dlgested ... 
. . . . .  Alfalfa hay, Exp. 24a-Ea ten. 
Digested. . .  
Alfalfa hay, Exp. 29-Eaten.. . . . . .  
Digested. ... 
..... Alfalfa hay, Exp. 29-Eaten.. 
Digested. . . .  
Al f - l fq  hay, Exp. 37-Eaten.. . . . . .  
D~gested. . .  
..... I hay, Exp. 37-Eaten.. 
Drgested. . . .  
. . . . .  I hay, Exp. 31-Eaten.. 
Digested. . . .  
. . . . .  1 hay, Exp. 31-Eaten.. 
Digested. ... 
. . . . . .  AIfalfa hay, Exp. 88-Eaten. 
Digested. . . .  
...... Alfalfa hay, Exp. 88-Eaten. 
Diqested. . . .  
. . . . . .  Alfalfa hay, Exp. 92-Eatcn . 
Digested. ... 
..... ay, Exp. 92-Eaten.. 
Digested. ... 
... 1 hay, Exp. 12-Eaten.. 
Digested. . 
. . .  L hay, Exp. 12-Eaten.. 
Digested. . 
Bermuda hay, Exp. 12-Eaten. . . . .  
Digested. . 
Bermuda hay, Exp. 20-Eaten. . . . .  
D~gested . . 
Bermuda hay, Exp. 20-Eaten.. ... 
D----- 2.. 
Digested. . 
... hay, Exp. 20-Eaten.. 
Digested. . 
....... :r, Exp. 6-Eaten.. 
Digested. . . . .  
......... 31, Exp. 6-Eaten 
Diqested. . . . .  
..... ,Tass, Exp. 9-Eaten. 
D~qested. . . .  














rnrn  h 
. . .  Digested. 
...... I grass, Exp. 9- ite en. 
. . .  Diqested. 
,., ,ran and alfalfa, ~ x p .  28 
-Eaten. .................... 
Digested. . . . . . . . . . . . . . . . . . .  
Corn bran and alfalfa. EXD. 28 
. . . . . . . . . . . . . . . . . . . . .  -Eaten 
Digested. . . . . . . . . . . . . . . . . .  
.... C3rn shucks, Exp. 17-Eaten.. 
Diqested. . .  
Corn shucks, Exp. 17-Eaien.. . . . .  
Digested. . .  
Corn shucks, Exp. 17-Eaten.. .... 
Digested. .. 
Cold pressed cottonseed and alfalfa, 
D. E. 25-Eaten.. ............ 
........ Digested. 
Cold pressed cottonseed and alfalf'a', 
D. E.  25-Eaten.. . . . . . . . . . . .  
Digested. . . . . . . . . . .  
10 TEXAS AGRICULTURAL EXPERIMENT S ATION. 
Table 3.-Grams eaten and digested per day-Continued. 
Cold pressed cottonseed and alfalfa, 
D. E. 34-Eaten.. ........... 
Digested. ......... 
Cold ressed cottonseed and alfalfa: A*. 34-~?ten.. ............ 
........... D~gested 
Cold ressed cottonseed (burnt) and 
..... ah l f a .  D. E. 89-Eaten,. 
.. Digested.. 
Cold pressed cottonseed (burnt) and 
..... alfalfa, D. E. 89--Eaten.. 
.. Digested. 
Cottonseed hulls and meal and'al- 
...... falfa, D. E. 3 S E a t e n . .  
.... D~gested.  
Cottonseed hulls and meal and al- 
....... falfa, Exp. 35-Eaten.. 
Dl ested 
Cottonseed meal and alfalfa, 6;;: $6 
..................... -Eaten 
Digested ......... 
Cottonseed meai gnd alfalfa, &;: 36 
..................... -Eaten 
Digested ............. 
.... C o ~ p e a h a ~ , ~ x ~ . i - ~ ~ t e n  ::: 
D~gested 
.... Cowpea hay. Exp. l-Eaten. : : : 
. . .  Digested. 
Guam grass, Exp. 1 6 E a t e n . .  .... 
. .  Digested.. 
...... G u a m g r a s s , ~ x p . l & ~ a t ~ n  
. .  Diqested.. 
Guam grass, Exp. 1 6 ~ a i e n .  ..... 
.. Digested.. 
Johnson grass hay, Exp. 4-~aten.. 
Digested 
Johnson grass hay, Exp. 4--Eaten. . 
Dlgested 
Johnson grass hay, Exp. &-Eaten. . 
Digested 
Johnson grass hay,  EX^. l&Eaten. 
Digested 
Johnson grass hay, Exp. 1-Eaten. 
Digested 
lohnson grass hay, Exp. 10-Eaten. 
Digested 
&fir fodder, ~ x p .  15-Eaten.. .... 
.. Digested. [afir fodder, ~ x p .  1 L E a t e n . .  .... 
. D~gested.. 
Lafir fodder, ~ x p .  15-Eaten. ..... 
. . .  Digested 
..... Lafir forage, Exp. 79-Eaten. 
.. Digested.. 
Lafir forage, EXP. 79-Eaten. . . . . .  
Digested. . 
Kafir chops and alfalfa,  EX^. 32. ' 
-Eaten.. ................... 
Digested 
Kafir chops and' Hi(aifs:'Eip'p''ii' ' 
-Eaten.. ................... 
.......... Digested. 
Kafir head chops and alfalfa, &i.'33 
-Eaten.. ................... 
Digested .......... 
Kafir head chops 'and alfalfa, E&: 33 
-Eaten.. ................... 
Dig-sted ............. 
........... ~ i l l e t , ~ x p . l l ~ ~ ~ t k n  
. . . . . . . . .  Digested 
Millet, Exp. 11-Eaten. .......... 
....... Digested.. 
.villet, Exp. 11-Eaten.. . . . . . . . . .  
......... Digested 
Oat hay, Exp. 5-Eaten.. . . . . . . . . .  
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Table 3.-Grams eaten and digested per day.-Continued. 
Phos- I Silica. I Lime. / 2" 1 p:~. I Potash. Trioxide. SQP'.. 
- - - - - -  
Peanut hay, Exp. 13-Eaten.. . . . . .  
. . .  Digested. 
Peanut hay, Exp. 13-Eaten.. . . . . .  
. . .  Digested. 
..... Peanut hay, Exp. 13-Ea'ien.. 
Digested. . .  
. . .  Peanut hay, D. E .  76-Eaten.. 
Digested. . 
... Peanut hay, D. E. 76-Ea1.m.. 
nic~-sted . 
Peanut hay and alfalfa, D: E. 90 
. . . . . . . . . . . . . . . . .  Digested. 
Peanut h ~ ~ l l s  and alfalfa. D. E. 90 
-Eater). . . . . . . . . . . . . . . . . . . . .  
Diqested . . . . . . . . . . . . . . . . .  
. .  Para gra& hay, fixp. 14-Eaten.. 
Digested . 
Para grass hay, Exp. 14--Eaten.. . .  
Digested. 
. Para grass-hay, Exp. 14-Eden.. 
D~pested 
. . . .  Prairie hay, Exp. 22-Eaten.. 
Digested. ... 
. . . . .  Prairie hay, Exp. 22-Eaten. 
Digested. . . .  
. . . .  Prairie hay, Exp. 22-Eaten.. 
Digested. . . .  
. . . .  Prairie hay, Exp. 23-Eaten.. 
Digested. ... 
. . . . .  Prairie hay, Exp. 23-Eaten. 
Digested. . . .  
. . . . .  Prairie hay, Exp. 23-Eaten. 
Digested. . . .  
Rhodes grass hay, D. E .  82 
. . . . . . . . . . . . . . . . . . . .  -Eaten 
Dlgested . . . . . . . . . . . . . . . . .  
Rhodes grass hay, D. E. 82 
. . . . . . . . . . . .  Digested. 
Rlce bran and alfalfa. EXD. 26 
. - 
. . . . . . . . . . . . . . . . . . . . .  -Eaten 
Digested. . . . . . . . . . . . . . . . . .  
Rice bran and alfalfa, Exp. 26 
-Eaten.. ................... 
Digested. . . . . . . . . . . . . . . . . .  
Rice hay, D. E. 78-Eaten. . . . . . . .  
D~gested.. . . .  
Rice hay, D. E. 78-Eaten. . . . . . . .  
Digested.. . . . .  
Rice hulls and alfalfa. D. E. 91 
-Eaten .................... 
. . . . .  Digested. 
Rice hulls and alfalfa. D. E .  91 
-Eaten.. ................... 
Dlgested . . . . . . . . . . . . . . . . . .  
Rice polish and alfalfa, Exp. 27 
-Eaten.. ................... 
Digested. . . . . . . . . . . . . . . . . .  
Rice polish and alfalfa, Exp. 27 
. -Eaten.. .......... T.. . . . . . .  
Digested. ................. 
Rice straw, Japan, Exp. 7-Eaten. . 
Digested 
Rice straw, Japan, Exp. 7-Eaten. . 
Dlgested 
Rice straw. Japan, Exp. 7-Eaten. . 
Digested 
Rice straw. Honduras. EXD. 18 
. 
.................... -Eaten. 
Digested. . . . . . . . . . . . . . . . . .  
Rice straw, Honduras, Exp. lt? 
-Eaten.. ................... 
Digested. ................. 
Rice straw, Honduras, Exp. 18 
.................... -Eaten. 
Digested. ....:............ 
Table 3.-Grams eated a ~ d  digested per day-Continued. 
lage, sorghum and cowpea, Exp. 30 
-Eaten. .................... 
Digested. ................. 
'Silage, sorghum and cowpea, Exp. 30 
..................... -Eaten 
Digested 
Sorghum hay, E'x'p'. '2=~%; : : : : : : 
Digested. . . .  
Sorghum hay, Exp. 2-Eaten 
Digestk'd':: : : 
Sorghum hay, Exp. 2-Eaten. . . . . .  
.. Digested. 
Sorghum hay, Exp. 21-Eaten. . . .  : 
.. Digested. 
Sorghum hay, Exp. 21-Eaten. . . . .  
Dlgested 
Sorghum hay, Exp. 21-Eaten. . .':: 
.. Digested. 
Tobosa grass hay, Exp. 19- 
-Eaten. . . . . . . . . . . . . . . . . . . . .  
Digested 
Tobosa-grass ha& E~I;.' 19' ' ' ' ' ' ' ' . 
-Eaten. . . . . . . . . . . . . . .  
Digested 
robosa grass ha;: ~ i p . ' 2 i '   ' 
-Eaten.. .............. 
Digested 
robosa grass hay; &p.'24' ' ' 
-g7t;;i;i ............. 
Vetch hay,  EX^: 8--Eg't&: : : 
Digested 
Silica. phorlc Potash. Sulphur 
PhOb acid. 1 Trioride. Lime. 
RELATION BETWEEN QUANTITY EATEN AND QUANTITY DIGESTED 
Mag- 
nesia. 
The results secured were studied i n  order to see if any relation could 
be traced between the quantity of the ingredients in  the food eaten and 
the quantity digested. For this purpose, the tests were divided into 
groups according to the quantity of the ingredients eaten. Some strik- 
ing results were secured, which will be discussed in detail below. Table 
3 shows the grams eaten and digested, arianged according to the kind 
of feed. 
-. 
Lin1.a. The average results for lime are presented in table 4. The 
number of losses is somewhat irregular in  the various groups. There , 
is, on an average, a relation between the quantity of. lime eaten and 
the quantity fed. The quantity of lime digested in  the first group of 










Grams esten (Group) . 
Average grams eaten.. . . . . . . . . . . . .  
Number of tests.. . . . . . . . . . . . . . . . .  
Number of losses. . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  Number of gains. 
Average digested $rams 
Increase fed over! preced'ihggr;up : : 
Increase digested over preceding 
4 group . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Digestibility of increase. . . . . . . . . . . . . . . . . . .  













































tests is negative, and after this, there is a regular increase i n  the 
quantity of lime digested, as the quantity of lime fed increases. These 
facts could only he brought out by using a large number of tests, as 
here given. If the increase in the quantity of lime fed in each group 
over the preceding group is considered in  connection with the increased 
quantity of lime digested, the digestibility of ,the additional lime is 
found to be 18 to 30 per cent. The digestibility of the lime may be 
taken to average 25 per cent. 
These figures point to a fairly constant digestibility of lime by the 
animal, and a fairly constant excretion of lime in  the solid excrement. 
I n  the first group, the quantity excreted is.greater than the quantity 
digested, and so there is an apparent loss. The amount of the excre- 
tion may he estimated from the data. I n  the first group, if a digesti- 
bility of 25 per cent. of the 1.25 grams lime fed is assumed, the amount 
digested would be .31 gram, and this, added to the .27 gram lost, would 
give -58 gram excreted in  the solid excrement. I n  group 2, a digesti- 
bilitv of 25 per cent. would yield .68 gram digested, and, if the .I3 
gram retained is subtracted, it would give .55 gram excreted in  the 
solid excrement. I n  group 3, 25 per cent. of 4.78 is 1.19, and sub- 
tracting .59 there is shown to be .60 gram excreted i n  the solid excre- 
ment. 
Hence one is justified in  assuming a digestibility of 25 per cent. for 
lime and a daily excretion of .60 gram in the solid excrement. 
Table 5.-Average phosphoric acid eaten and digested. 
Grams Eaten (Group). I 0-1 1 1-2 1 2 3  1 3-5 1 5 + 
I- I- I - I -  
Pl~osphoric acid. The results of the phosphoric acid tests are given 
in  table 5. The number of losses in  the tests decreases regularly as 
the quantity of phosphoric acid fed increases. There are no gains in  
the first group and no losses i n  the last one. 
There is a loss of phosphoric acid in  the first group, and after this 
there is a gain in  the quantity absorbed, increasing as the quantity fed 
increases. I the preceding group be subtracted from the next group, 
there is found to be a digestibility of 34 to 58 per cent. for the addi- 
tional phosphoric acid fed. These figures point to a fairly constant 
digestibility of phosphoric acid by the animal, and a fairly constant 
excretion of phosphoric acid in the excrement. The digestibility of the 
phosphoric acid may he taken to he 50 per cent. I n  the first group, 50 
per cent. of the .64 f a m  fed would he .32 gram, and this, added to .46 
gram lost, would be .7r3 gram excreted in the solid excrement. I n  the 
. . . . . . . . . . . . . . . . . . . . .  Average grams eated. 
Number of tests.. . . . . . . . . . . . . . . . . . . . . . . . . .  
Number of losses.. . . . . . . . . . . . . . . . . . . . . . . . .  
Number of gains. . . . . . . . . . . . . . . . . . . . . . . . . .  
Average diqested. grams. . . . . . . . . . . . . . . . . . .  
~ncrease fed over the preceding group.. 
Increase d~gested over preceding group.. 






. . . . . . . . . . . . . .  
























1 .  
second group there is practicaJly no phosphoric acid digested. A digesti- 
bility of 50 per cent. would give .?S gram phosphoric acid lost in the 
solid excrement. I n  group 3, 1.21 grams phosphoric acid would be 
digested. This, less -34 gram, would give .93 gram in the solid excre- 
ment. 
One is justified i n  assuming a digestibility of 50 per cent. for the 
phosphoric acid, and a loss of .8 gram per day of phosphoric acid in 
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-AVERAGE -G RAM S EAT E N 
Chart showing relation of lime and phosphoric acid digested by sheep to the amount eaten. 
Rela t ion  of lime to phosphoric acid.  In group 2 of the phosphoric 
acid tests, where one to two grams are fed, there are 16 losses of 
phosphoric acid and 18 gains. ' These tests were tabulated with re, 
to the lime digested as shown in table 6. In test 19, an exce 
quantity of lime mas eaten and it is excluded from the discussion. 
spect 
!ssive 
Table 6.-Relation of lime to phosphoric acid lost or gained in  group 2. 
The lime eaten when there were losses of phosphoric acid average 
3.39 grams, and when there were gains, 7.69 grams. Thus, a higher 
cons~zmption of lime was accompanied by a better retention of phos- 
phoric acid. An increased consumption of 4.30 grams lime and an 
increased digestion of 1.11 grams lime, was accompanied by a r  ;- 
creased retention of .82 gram phosphoric acid. An increased dige 
of 1 gram lime was thus accompanied by an increased retention o 
Phosphoric acid digested, grams.. ............................ 
............................................ Numberoftests 
Lime eaten, grams.. ........................................ 
Lime digested, grams. ...................................... 
Lime eaten, exclusive of No. 19. ............................. 
























grams phosphoric acid. The ratio of lime to  phosphoric acid in tri- 
calcium phosphate is 1 :0.80. 
Table 7.-Average magnesia eaten and digested. 
BALANCE EXPEBIMENTS 
I n  twenty tests with ten rations, the urine was analyzed in addition 
to the feeds and solid excrements, this constituting a balance experi- 
ment. (See table 12.) These tests have been divided into groups as 
given in tables 10 and 11, but the number of tests is not sufficient to 
make averages that are as significant as those just discussed. 
Grams Eaten (Group) 
Average grams eaten. .............................. 
Number of tests. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Number of losses. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Number of qain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Average digested, grams. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Increase fed over preceding group.. .......................... 
Increase digested over preceding group. . . . . . . . . . . . . . . . . . . .  


























Magnesia.. The quantity of magnesia digested increases with the 
quantity fed (table 7 ) .  There is no evidence of any excretion of mag- 
nesia in the solid excrement. Only two losses of magnesia occurred. 
Potash. The quantity of potash digested increases with the quantity 
of potash fed. There is no evidence of excretion of potash into the 
solid excrement. 











Grams Eaten (Group) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Average grams eaten. 
Number of tests. .................................. 
Number of losses. ................................. 
















Silica. With the exception of the second group, the quantity of 
silica (insoluble ash) increases as the quantity fed increases. This is 
evidence that there is actually a digestion of silica by sheep. 







Grams Eaten (Group) 
Average grams eaten. ..................... 
Number of tests.. ......................... 
Numberoflosses .......................... 
Numberofgains .......................... 
Average di ested, grams. .................. 
Increase fe.2 over preceding group. .................. 
Increase digested over preceding group.. 
















































16 TEXAS AGRICULTURAL EXPERIMENT STATIOK. 
Table 10.-Phosphoric acid gained or lost in balance experiment. 
Phosphoric acid. The quantity of phosphoric acid digested (table 10) 
increases with the quantity fed. The quantity in the urine is fairly 
constant. The average quantity retained in the body increases with 
the quantity fed. The percentage retention is irregular. 
Lime. The averages (table 11) are irregular and show the danger 
of drawing conclu.sions from a small number of experiments. With 














Grams Eaten (Group) 
Average grams eaten. . . . . . . . . . . . . . . . . . . . . .  
Number of tests.. . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . .  Number of losses.. 
Average digested, grams. . . . . . . . . . . . . . . . . . .  
Average in urine, grams. . . . . . . . . . . . . . . . . . . .  
Loss or gain retained grain 
Increase fed'over preceding<;*<: : : : : : : : : : : 
Increase digested over preceding gr-oup. 
Digestibility of increase. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Increased retention over preceding group.. 
Percentage retained. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  









. . . . . . . . . . . . . .  
. . . . . . . . . . .  
~Yil ica,  magnesia, potask. I n  some cases, the balances are negative, 
in others they are positive. On an average there are gains of 1 gram 
silica (insoluble ash), .I8 gram magnesia and .I9 gram potash per 
head per day. The silica in the urine averages .44 grams. . 
Grams Eaten (Group) 
Averagegramseaten . . . . . . . . . . . . . . . . . . .  
Number of tests.. . . . . . . . . . . . . . . . . . . . . . .  
Number of losses.. . . . . . . . . . . . . . . . . . . . . .  
Average digested grams. . . . . . . . . . . . . . . .  
Average in urin krams.. . . . . . . . . . . . . . . . .  
LOSS o r  gain retiined, . . . . . . . . . . .  
Increase fed over preceding group. 
Increase digested over preced~ng group.. 
Digestibility of !ncrease. . . . . . . . . . . . . . . . . . . . . . . . .  
Increased retent~on over preceding group. 
Percentage retained . . . . . . . . . . . . . . . . . . . . . . . . . . . .  













The experiments presented throw some light upon the mineral re- 
quirements of sheep. The sheep used were one to three years old, 
weighing about 100 pounds. 
Phosphoric acid. With an average of .SO gram in the solid excre- 
ment and .05 gram in the urine, the amount digested for a balance 
should be .55 gram per day. With a diges'tibility of 50 per cent. the 
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1.78 
. . . . . . . . . . . .  
Lime . With an average excretion of . 60 grams in the solid excrement 
and . 09 gram in the urine. the amount digested per day should be . 69 
gram . With a digestibility of 25 per cent., the amount required in 
the feed for a balance would be 2.8 grams per day . The animal may 
get along with less than this quantity. but will probably need more . 
Potash . Although potash is found in wool fat. and hence is stored 
by the animal in this form. ' i t  is probable that the needs of the animal 
for potash are small and easily met . A retention of . 2 gram per day 
is indicated by the balance experiment . Sufficient potash is probably 
furnished sufficient for the needs of the animal by all feeds . 
Magnesia . The work throws no light upon the needs of the animal 
for maLgnesia . With . 32 gram in the urine and an average digesti- 
bility of 32 per cent., balance mould be maintained with 1 gram per 
day . The balance experiment showed a retention of 18 grams. which 
would involve . 54 gram additional. probably making the average needs 
of the animal 1.54 grams per day . The amount of magnesia needed is 
small and probably supplied in all cases . 




































































1 - 0 3  
Period 76-Peanut hay . 
. . . . . . . . . . . . . . . . .  Sheep I-Total eaten 
. . . . . . . . . . . .  Digested.. 
In urine . . . . . . . . . . . . . . .  
. . . . . . . . . . .  Loss or gain 
. . . . . . . . . . . . . . . . . . . . . .  Sheep 2-Eriten 
. . . . . . . . . . . . . . . . . . .  Digested 
I n u r ~ n e  . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  Loss or gain 
Period 78-Rice hay . 
. . . . . . . . . . . . . . . . . . . . . .  Sheep 1-Eaten 
. . . . . . . . . . . . . . . . . . .  Digested 
Tnur~ne . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  Loss or gain 
. . . . . . . . . . . . . . . . . . . . . .  ep 2-Eaten 
. . . . . . . . . . . . . . . . . . .  Digested 
I n u r ~ n e  . . . . . . . . . . . . . . . . . . . .  
Loss or gain . . . . . . . . . . . . . . . .  
Period 79-Black kafir forape . 
. . . . . . . . . . . . . . . . . . . . . .  Sheep 1-Eaten 
Digested . . . . . . . . . . . . . . . . . . .  
In urine . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  Loss or gain 
. . . . . . . . . . . . . . . . . . . . . .  . cp 2-Eaten 
Digested . . . . . . . . . . . . . . . . . . .  
Tn urine . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  Loss or gain 
Period 81-Acuff sorgo Torage . 
Sheep 2-Eaten . . . . . . . . . . . . . . . . . . . . . .  
Digested . . . . . . . . . . . . . . . . . . .  
Inurine . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  Lossorgain 
. . . . . . . . . . . . . . . . . . . . . .  Sheep 3-Eaten 
. . . . . . . . . . . . . . . . . . .  Digested 
In urine . . . . . . . . . . . . . . . . . . . .  
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Table 12.-Income and outgo of 
Period 82-Rhodes grass hay . 
Sheep 2.Eaten . . . . . . . . . . . . . . . . . . . . . .  
Digcsted ................... 
In urlne .................... 
. . . . . . . . . . . . . . . .  Lossorgain 
Sheep 3-fEatnn ...................... 
Digested . . . . . . . . . . . . . . . . . . .  
I Q  urine .................... 
Gainorloss ................. 
Period 88-Alfalfa hay . 
Sheep l--Eaten ...................... 
Digested ................. , . 
In urine .................... 
Gain or loss ................. 
Sheep 2.Eaten ...................... 
Digested . . . . . . . . . . . . . . . . . . .  
In Ilrlne . . . . . . . . . . . . . . . . . . . .  
Gain or loss ................. 
Period 89-Alfalfa hay and burned cold 
pressed cottonseed . 
. . . . . . . . . . . . . . . . . . . . . .  Sheepl-Eate~ 
Digested . . . . . . . . . . . . . . . . . . .  
In ur~ne . . . . . . . . . . . . . . . . . . . .  
Lossorgain . . . . . . . . . . . . . . . .  
Sheep 2.Eaten ...................... 
Digested . . . . . . . . . . . . . . . . . . .  
I n  urlne .................... 
Loss or gain 
Period 90-Peanut hulls an.6 gif'aifi a'ha;:' ' ' ' 
Sheep l--Eaten . . . . . . . . . . . . . . . . . . . . . .  
Digested. . . . . . . . . . . . . . . . . . .  
. . . . . . . .  In urine . . . . . . . . . . .  , 
Loss or gain . . . . . . . . .  : . . . . . .  
:Sheep 2-fEaten . . . . . . . . . . . . . . . . . . . . . .  
Digested . . . . . . . . . . . . . . . . . . .  
In urlne . . . . . . . . . . . . . . . . . . . .  
Loss or gain . . . . . . . . . . . . . . . .  
Perlod~S1-Rice hulls and alfalfa hay . 
Sheep l--Eaten ...................... 
Digested . . . . . . . . . . . . . . . . . . .  
In urine . . . . . . . . . . . . . . . . . . . .  
Loss or gain ................ 
Sheep 2.EaLen . . . . . . . . . . . . . . . . . . . . . .  
Digested ................... 
11 urine .................... 
Loss or gain ................ 
Perlod 92.-Alfalfa hay . 
Sheep I--Eaten ...................... 
Digested ................... 
11 urine .................... 
Loss or gain ................ 
...................... Sheep2-Eaten 
Digested ................... 
111 urine .................... 













































































































































































































MINERAL REQUIREMENTS OF SHEEP. 
Table 13.--Grams excreted per day in urine. 
SUMMARY AND CONCLUSIONS 
1. Mineral constituents were estimated in one hundred thirteen 
tests on fifty rations, of which twenty tests on ten rations were bal- 
ance experiments. 
2. Potash has an average digestibility of 83 per cent.; magnesia 
32.3 per cent., with no negative tests. With lime and phosphoric acid 
the digestibility in some cases is negative. The average for phosphoric 
acid is 22.5 per cent. and for lime 32.3. 
3. The average digestibility of sulphur trioxide is 4Y.9 per cent 
and for protein in the same tests 48.4. The sulphur may be in  corn 
bination in the protein. 
4. The average digestibility of silica (insoluble ash) is 22.2 per cent. 
. and there are mary negative tests. 
5. The experiments are grouped according to quantities fed and 
averaged. The average quantities of lime and phosphoric acid digested 
increased as the quantities fed increased. 
6. When the quantities fed and excreted in one group are subtracted 
from the fiucceedi~g group, the additional quantities of lime and phos- 
phoric acid are found to have a fairly constant percentage digestibility. 
The digestibility of the additional lime averages about 25 per cent., and 
of the additional phosphoric acid, 50 per cent. 
7. There are average losses of liple and phosphoric acid in the' tests 
.in the first group, in which the lowest quantities were fed, and aver- 
age gains in all the other groups. 
8. These facts point to a fairly constant digestibility of lime and 
phosphoric acid by the animal and a fairly constant excretion of lime 
and phosphoric acid by the animal in the solid excrement. The aver- 




































































Sheep 1-D. E. 76. ................ 
Sheep2-D.E.76 ................. 
Sheep I-D. E. 78.. ............... 
Sheep 2-D.E. 78 ................. 
Sheep 2-D.E. 79 ................ : 
................. Sheep3-D.E.79 
Sheep 2-D. E. 81. ................ 
................. Sheep3-D.E.81 
Sheep 1-D. E. 82. ................ 
Sheep 2-D. E 82.. ............... 
Sheep 2-D.E.88 ................. 
Sheep 3-D. E. 88. ................ 
3 1 2 7 ~  2-D. E. 89.. . . . . . . . . . . . . . . .  
Sheep 3-D. E. 89.. ............... 
Sheep 2-D. E. 90. ................ 
Fheep 3-D. E. 90.. ............... 
Sheep 2-D. E. 91.. .... : .......... 
................. Sheep3-D.E.91 
5heep 2-D. E. 92. ................ 
Sheep 3-D. E. 92. ................ 
Mag- 
nesla. 























Average (20) ex-ep t ph3sph3ric 
acid of 12969.. ............ 














































9. When one to two grams are fed, there are both losses and gains 
3f phosphoric acid, and an increased consumption of lime was accom- 
panied by an increased retention of phosphoric acid. A digestion of 
1 gram of lime was accompanied by an increased retention of .?'4 gram 
3hosphoric acid. 
10. There were average gains of 1 gram silica (insoluble ash), 
18 gram magnesia and .I9 gram potash per day and head in the bal- 
ance experiments. The silica in the urine averaged .44 gram. 
31. The amount of phosphoric acid required in the feeds for a 
balance would average 1.70 grams per day and head for sheep weigh- 
ing about 100 pounds. The amount of lime required in the feed for a 
lalance would average 2.8 grams per day. The amount of magnesia. 
vould average 1 gram per day. 
